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How educational theory can inform the training
and practice of vascular surgeons
Erica L. Mitchell, MD,a and Sonal Arora, MRCS, PhD,b Portland, Ore; and London, United Kingdom
The past decade has seen the beginning of a revolution in the way in which surgeons learn their craft. As technology has
become increasingly sophisticated, and care more accountable, traditional methods of skill acquisition are no longer
optimal as sole training modalities. Against this backdrop, there has been a shift toward competency-based training
programs reflecting the growing emphasis on outcomes-based medical education. The modern vascular specialist needs to
possess a thorough understanding of the pathophysiology of vascular disease, imaging modalities, and the nonoperative
and operative management of the vascular patient. Surgical educators are therefore compelled to develop practical
training programs that can teach each of these skills in a safe, learner-centric manner. This report highlights how an
understanding of pedagogy or the principles of adult learning can aid this endeavor. Key models of educational theory are
presented and their application to vascular training and the development of expertise are highlighted. The report
concludes with recommendations for surgical educators to build assessments of competence using these theoretic
principles to optimize the training of the next generation of vascular surgeons. (J Vasc Surg 2012;56:530-7.)
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iThe past decade has witnessed a revolution in surgical
training, such that today’s residents experience a vastly
different education than those trained just 10 years ago.
This transformation has been partly due to advances in
educational theory as well as mounting pressures in the
clinical environment suggesting that patients are no longer
an acceptable model on which to practice the acquisition of
new skills. Subsequently, the traditional Halstedian model
is being gradually replaced by newer training techniques
that focus on closer supervision and alternative environ-
ments for the training and assessment of surgical skills.1,2
This report discusses the educational theories that underpin
this move toward competency-based education and how
they can be practically applied to the everyday training of a
vascular resident.
A MOVE TOWARD COMPETENCY-BASED
TRAINING
The traditional emphasis in surgical training has been
to immerse trainees in clinical environments for a pro-
longed period of time with the hope that they will acquire
their skill through sheer volume of exposure. Knowledge
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530as gained from master surgeons’ expertise, textbooks, and
xperience in the operating room, hospital wards, and
linics. In this environment, the adequacy of a resident’s
ducation was judged by the training process: complete the
equisite number of years in training, perform a specific
umber of surgical procedures, and demonstrate a mastery
f medical knowledge through passing the board examina-
ions.3 However, with the introduction of new technolo-
ies, increased procedural complexity, a shorter workweek,
nd greater emphasis on mitigating medical error, residents
ow have fewer opportunities to learn through patient care
xperiences.4 Furthermore, with a greater emphasis now
eing placed on measuring performance outcomes, mere
articipation in the residency’s training activities is now
ecognized as inadequate to ensure skill acquisition. Future
enerations of surgeons will need to objectively demon-
trate their ability to perform procedures and provide com-
rehensive care of the patient while maintaining high pro-
essional standards.5
Against this backdrop of regulatory drivers, it is impor-
ant to note that the educational paradigm shifts that are
riving this process are firmly grounded in cognitive psy-
hology, motor learning, and instructional theories. A basic
amiliarity with educational theory could facilitate an un-
erstanding of current efforts to redesign the curriculum
or vascular surgical residency education.
DULT LEARNING THEORY AND
ORKPLACE-BASED LEARNING
The goal of recent approaches to training is to provide
earner-focused education in the setting of a situated learn-
ng environment.6 In the Knowles model of adult learning
heory, the vascular resident is seen not as a “passive vessel,”
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Volume 56, Number 2 Mitchell and Arora 531into which masters pour all of the knowledge they want to
impart, but rather is seen as an active and motivated adult
learner characterized by self-direction and a readiness
to learn (Table I).7,8 Knowles principles delineate that adults
learn best when they: (1) take responsibility for their own
learning; (2) are placed in the program commensurate with
their learning skill; (3) are able to progress at their own pace;
(4) are provided immediate feedback; (5) receive contextual
learning; (6) are taught according to their own learning style;
and (7) do not have to repeat what they already know.7,8
In this model, residents are encouraged to take respon-
sibility for their own learning by reading about their pa-
tients’ disease processes, understanding the varying treat-
ment options, and preparing for the appropriate operation,
thereby maximizing every opportunity for workplace-based
learning. Exemplary behavior would be for the resident to
set learning objectives with his or her faculty member at the
start of every procedure and then to initiate a structured
debriefing at the end of the operation.9
The Accreditation Council for Graduate Medical Edu-
cation (ACGME) is now promoting curricular changes
with these principles in mind.10 As a result, training pro-
grams are now responsible for developing curricula geared
toward proactive learning and for providing a learning
environment and faculty that synchronously promote resident-
centered learning. To ensure effectiveness of these curri-
cula, Knowles suggests that educators follow basic guide-
lines, as highlighted in Table II. This series of steps creates
the most optimal approach for adult learning.
THE CONSTRUCTIVIST MODEL OF
LEARNING CLINICAL SKILLS
Since the ACGME shifted the focus toward competency-
based outcomes in the six domains of patient care—medical
knowledge, practice-based learning and improvement, inter-
personal and communication skills, professionalism, and sys-
tems-based practice—the challenge for educators has been to
meaningfully teach and assess each of these domains in a
manner that ensures development of learner competence.10
The Dreyfus and Dreyfus framework of skill acquisition is a
useful method of describing and ultimately assessing clinical
Table I. Andragogy assumptions for adult learning
Characteristics Maturation process
Self-direction Concept of self-moves from dependent perso
toward one of self-direction
Experience Accumulates a growing reservoir of experien
Readiness to learn Values learning that integrates with the dem
placed on them in their everyday life
Orientation to
learning
Perceptions change from one of postponed a
of knowledge to immediacy of application
Motivation to learn Motivation to learn driven by internal factor
than external ones
Adapted from Adult Learning Principles.7,8competence of physicians as they progress from novice to baster.11,12 Essentially, this framework is underpinned by the
onstructivist model of learning that describes developmental
tages, beginning with novice and progressing through to
dvanced beginner, competent, proficient, and finally, expert
r master. Table III highlights how a surgical trainee may
rogress through these phases and the incremental effects
pon their learning.11,12 Constructivist theories, such as the
reyfus and Dreyfus model, are also the most-often cited
eason for the creation of simulation centers and skills labora-
ories: in the simulated environment, the learner can practice
rocedures at his or her own pace while progressing from
eing novices to competent surgeons.13
EFINING THE DREYFUS MODEL IN
ASCULAR SURGICAL PRACTICE
Stage 1: Novice. In this stage, novice or junior level 0
5 vascular surgery residents have minimal or “textbook”
nowledge. They have no experiential background to base
n approach or understanding of the clinical situation in
hich they are expected to perform. Rules and guidelines
herefore provide a safe beginning point for specific, situ-
ted learning in the clinical environment. Residents at this
evel need close supervision and instruction because they
ave little or no ability to cope with complexity. This stage
an be summarized as “Just tell me what I need to do and
’ll do it.”
Stage 2: Advanced beginner. The midlevel 0  5
ascular resident has a working knowledge of the key
spects of a vascular surgical practice. At this level, the
esident can generally perform straightforward tasks at an
cceptable standard because he or she has usually coped
ith enough real situations to note, or to have been
ointed out by a mentor, the recurring meaningful situa-
ional components of surgical practice. Autonomy and
udgment at this level are learned through experience in
ctual situations. The resident comes to see actions or
rocedures as a series of steps and can appreciate the
omplexity of these situations or operations.
Stage 3: Competent. Competence, typified by the
enior 0  5 vascular surgery resident or 5  2 fellow
earing completion of training, develops when the resident
End result
y Determines own learning needs and finding the means to
meet them
Provides context for the acquisition of new knowledge
and skills
Learning is increasingly oriented to the need to know
ation Learning shifts from one of subject-centered to one of
problem-centeredness
er Satisfaction of learning and the presence of personal goals
have a greater effect on maintaining motivation than
external incentives and rewardsnalit
ce
ands
pplic
s rathegins to see his or her actions in terms of long-term goals
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August 2012532 Mitchell and Aroraor plans of which he or she is consciously aware. Near the
completion of their vascular surgery training, the resident
should be able to manage most patient care issues indepen-
dently and should be able to cope with complex situations
through deliberate analysis and planning. Conscious, delib-
erate planning is characteristic of this skill level and allows
for efficient and organized care of the vascular patient.
Nevertheless, the competent resident still does not yet have
enough experience to recognize all complex situations in
terms of the “overall picture.”
Stage 4: Proficient. An understanding of the limits of
planning and prediction along with an enhanced ability to
read the situation in context is what propels the competent
surgeon into the proficient stage of performance. The
proficient surgeon has a greater depth of understanding of
the discipline and practice of vascular surgery that allows
him or her to make a qualitative leap in the way he or she
engages and performs in any particular situation. The pro-
ficient vascular surgeon can recognize when the expected
“normal” picture does not materialize. This holistic under-
standing improves the ability to cope with complex situa-
tions and to make appropriate and confident care decisions.
The proficient surgeon gains a much more differentiated
world of practice and feels increasingly more confident in
this environment. He or she sees the overall “picture” and
how individual actions fit within it. This stage is generally
seen after years of practice within the field of vascular
Table II. Principles of adult learning
Essential components Rational
An effective learning
climate should be
established
Learners should be comfortable, bot
Learner involvement in
mutual planning
methods and curricular
directions
Ensures collaboration in the content
increases relevance to the learners’
Learner involvement in
diagnosing their own
learning needs
Ensures meaningfulness and stimula
motivation, promotes self-assessm
effective integration of learning
Learner involvement in
formulation of their
own objectives
Encourages learners to take control
Learner identification of
resources and strategies
for using them to
accomplish their
objectives
Connects adult learning needs to pra
learning objectives, provides motiv
resources for specific and focused
Learners should be
supported in carrying
out their learning plans
One of the key elements of motivatio
Learners will become discouraged
the learning task is too difficult. T
support can lead to a decrement in
Learner should be
involved in evaluating
the learning
Self-directed learning requires critica
ABS, American Board of Surgery; ICU, intensive care unit.
Adapted from Adult Learning Principles.7,8surgery. mStage: Expert. The expert or master vascular surgeon
s at the top of the learning pyramid; only a few surgeons
each truly expert status. The expert surgeon no longer
elies on an analytic principle (rule, guideline, and maxim)
o connect his or her understanding of the situation to an
ppropriate action. The expert now has an authoritative
nowledge of the discipline and an innate deep tacit under-
tanding across a wide spectrum of practice. With a substan-
ial level of clinical and operative experience, the expert has
n intuitive grasp of each situation and can zero in on the
ccurate foci of a clinical problem without wasteful consid-
ration of a large range of unfruitful, alternative diagnoses
nd solutions. The master surgeon works intuitively and is
nconsciously competent. The expert sees the overall pic-
ure as well as alternative approaches and moves between
ntuitive and analytic approaches with ease. At this final
tage in practice, the expert surgeon can take responsibility
or going beyond existing standards and informing the
ommunity of policies or innovations appropriate to the
ver-changing technology within the field of vascular sur-
ery.
HE LEARNING OF TECHNICAL SKILLS AND
OTOR SKILLS LEARNING THEORY
Motor skills learning theory is also important when
onsidering the acquisition of technical skills for vascular
urgical trainees. Fitts and Posner’s three-stage theory of
Examples of practical application
sically and emotionally Residents need a designated work
space and a nonthreatening work
environment
learning process,
s
Residents should be able to make
recommendations on how to
improve upon their learning
experience(s)
rners’ intrinsic
d reflection, and
Residents should know what
operative cases they need at
completion of training to fulfill
ABS criteria
ir learning Residents should seek out cases
needed to fulfill these ABS criteria
l resources for meeting
for using such
se
Residents should identify strategies to
meet these ABS operative log
criteria should they be deficient in
certain areas
expectancy of success.
ose the motivation if
uch pressure without
ing
Residents should be provided
responsibility for patient care
commensurate with their
experience, eg, an inexperienced
intern should not be responsible
for managing patients in the ICU
ction on experience Residents should be provided timely
feedback, both in their operative
and nonoperative encounterse
h phy
and
need
tes lea
ent an
of the
ctica
ation
purpo
n is
and l
oo m
learn
l refleotor skill acquisition is widely accepted in the motor skills
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poses that the learning of motor behavior develops through
three distinct stages: cognitive, associative, and autono-
mous (Table IV).14
During the cognitive stage, the learner focuses on the
cognitive components of the task, and the procedure is
carried out erratically in discrete steps. For example, when
an intern learns how to perform a vascular anastomosis, the
intern will concentrate on how to hold the Castroviejo,
how to grasp the needle, and how to drive the needle
through the vessel. Each step requires concentration and
Table III. Principles of the Dreyfus and Dreyfus model of
surgeon’s competence
Knowledge
Standar
work
Novice (novice
integrated/0  5
resident)
Minimal or “textbook”
knowledge without
clinical context
Unsatisfac
unless c
supervis
Advanced beginner
(midlevel 0  5
resident)
Working knowledge of
key aspects of
practice
Straightfo
tasks
satisfact
with
supervis
Competent (senior 0 
5 or 5  2 resident
nearing completion
of training – newly
appointed attending
surgeon)
Good working and
background
knowledge of
practice area
Satisfactor
though
lack
refinem
Proficient (assistant,
associate professor
level)
Greater depth of
understanding of the
discipline and
practice of vascular
surgery
Fully acce
standard
routinel
achieved
Expert (professor level) Authoritative
knowledge and deep
tacit understanding
of the discipline and
practice of vascular
surgery
Excellence
achieved
relative
Based on the Dreyfus model of skill acquisition.11,12
Table IV. The Fitts-Posner Three-Stage Theory of motor
Stage Goal
Cognitive Understand the task
Associative/integrative Understand how discrete parts of the
task relate to one another
Autonomous Unconsciously perform the task with
speed, efficiency, and precision
Adapted from Fitts and Posner.14effort. With practice and feedback, the resident reaches the tntegrative stage where knowledge is translated into appro-
riate motor behavior. During this stage, the learner does
ot have to concentrate on each aspect of the procedure,
nd performance becomes more fluid. Now the resident
erforms the anastomosis without having to think about
ow to use the Castroviejo or grasp the needle. During the
nal stage, performance becomes autonomous. The learner
o longer needs to concentrate on motor behavior and can
oncentrate on other aspects of the procedure. For exam-
le, the resident can suture the carotid patch while concom-
tantly directing the anesthesiologist to manage the pa-
s development applied to the development of a vascular
Autonomy
Coping with
complexity
Perception of
context
Rule driven,
needs close
supervision
Unable to cope
with complexity
Tends to see
actions in
isolation
Uses rules to
decide what is
relevant,
supervision
needed for
overall task
Appreciates
complex
situations but
only able to
partially resolve
complex
situations
Sees actions as
a series of
steps
Able to achieve
most tasks
using own
judgment
Copes with
complex
situations
through
deliberate
analysis and
planning
Sees actions at
least partly
in terms of
long-term
goals
Able to assume
full
responsibility
for own work
and that of
others
Deals with
complex
situations
holistically,
decision making
more confident
Sees overall
“picture”
and how
individual
actions fit
within it
Able to take
responsibly for
going beyond
existing
standards and
creating own
interpretations
Holistic grasp of
complex
situations,
moves between
intuitive and
analytical
approaches with
ease
Sees overall
“picture”
and
alternative
approaches;
envisions
what may
be possible
acquisition
Activity Performance
planation and demonstration of
task
Erratic, discrete and distinct
steps
petitive deliberate practice with
feedback
More efficient and fluid
with fewer errors
stained practice with additional
practice beyond that required
for proficiency (overlearning)
Refined, automatic,
effortless, and adaptiveskill
d of
tory
losely
ed
rward
ory
ion
y,
may
ent
ptable
y
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easeskill
Ex
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Suient’s blood pressure, request the Doppler probe to assess
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patient.
THE ACQUISITION OF EXPERTISE AND ROLE
OF DELIBERATE PRACTICE
Practice is also critical for the attainment of expertise.
Expert performance represents the highest level of skill
acquisition and is the final result of performance improve-
ment through extended experience in the field.1 Evidence
from a variety of domains has established some key require-
ments for the acquisition of expertise. Although much of
this evidence comes from nonmedical areas such as chess,
music, and sports, the following point is clear: sustained,
deliberate practice is necessary for the development of
expertise.16-18 Deliberate practice includes activities that
have been specifically designed to improve the current level
of performance.18 This requires an understanding of learn-
ers’ pre-existing knowledge so that the task can be correctly
understood after a brief period of instruction. Immediate
informative feedback must be provided so that learners
understand the results of their performance. In the domain
of surgery, sheer operative volume, with simple repetition
of a task, does not guarantee effective learning. For exam-
ple, when learning to perform a vascular anastomosis, it is
not enough to perform the entire procedure time and time
again to achieve expertise. Practice should focus on those
components of the procedure that are most challenging,
such as the corner sutures or backhand stitches of the
contralateral side. Practice must be supported by immedi-
ate focused feedback related to the challenging aspects of
the procedure.9
Finally, practice needs to be sustained. Single, week-
end courses are not effective, because distributed practice
results in better skill acquisition and retention than massed
practice.2,19 Massed practice conditions are those in which
individuals practice a task continuously in one long session.
Distributed practice allows for short practice sessions with
appreciable time intervals between each practice session.
Training programs should provide “overlearning” (addi-
tional training beyond that required for initial proficiency)
and regular refreshment of recently learned skills so that
acquired skills do not deteriorate.
According to Ericsson, most professionals reach a sta-
ble, average level of performance and maintain that status
for the rest of their careers. The development of “expertise”
in a complex task requires 10,000 or more hours of prac-
tice. This number equals approximately 8 hours of deliber-
ate practice each day for 5 years (Fig). So how does this
equate with the present status of vascular training? Current
residency training provides experience but not necessarily
ample opportunity for such focused and deliberate practice.
When developing curricula, vascular educators should
therefore ensure that there is adequate opportunity to
integrate deliberate practice and feedback early into train-
ing programs.
One such method for deliberate practice is through
the use of simulation-based training, whereby perfor-
mance can be improved through intentional and contin- oous practice of essential tasks. With continued ad-
ances, simulation may provide important opportunities
or surgeons to practice patient-specific procedures be-
ore they enter the operating room, similar to how
rofessional musicians practice before performing before
live audience. Such simulation does not necessarily
ave to involve physical practice. Akin to professional
portsmen, using the “simulation center in the mind”
horough mental practice of a procedure can also en-
ance technical skill.20 Further innovations in deliberate
ental practice may incorporate these modalities of skill
cquisition to accelerate learning in a manner that does
ot confine learners to simulation centers and can be
sed by any vascular trainee anytime and at any place.
SSESSMENT OF COMPETENCE
The making of a competent surgeon is a priority for the
edical profession and the public. In fact, the ACGME
Outcomes Project” arose from concerns that residents are
ot ready for the complex health care system of today.10
he ultimate goal of the paradigm shift to a competency-
ased resident education program is to strengthen the
ducation of residents and practicing physicians by using
ssessments that demonstrate achievement of the six core
ompetencies. Competency in vascular surgery involves all
f these areas, and a comprehensive plan to produce com-
etent vascular surgeons must address each one of them.21
urthermore, as part of the “Outcomes Project,” vascular
urgery training programs are expected, by 2012, to
hase-in assessment tools that provide useful and increas-
ngly valid and reliable evidence that their residents are
chieving these competency-based educational objec-
ives.10
At Oregon Health and Science University, we are be-
inning to adopt the Dreyfus model of clinical skills acqui-
ition in the evaluation and assessment of our trainees.
esident performance is measured in comparison to previ-
Fig. The I.V. league. Reprinted with permission.usly established institutional proficiency levels for each
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Volume 56, Number 2 Mitchell and Arora 535stage (Table V). Assessment informs feedback so that lack
of progression allows for early intervention.
George E. Miller has proposed a potentially more
useful framework within which assessment of compe-
tence may occur. He identifies four stages of cognitive
and behavioral development “knows, knows how, shows
how, and does” that an individual progresses through
before they are competent.22 Miller uses a triangle to
describe these levels of development, and assessment of
the steps in the development of competence appropri-
ately follows this same course. This assessment frame-
work can be applied to vascular surgery residents in
training. At the base of the pyramid, assessment comes in
written examinations, either the Vascular Surgery In-
Training Examination (VSITE) or the American Board
of Surgery (ABS) qualifying examination (QE). At this
base level, residents demonstrate that they know the
fundamentals of vascular surgical disease and have the
knowledge base required. Although these tests of knowl-
edge are important, they are incomplete as tools in the
appraisal of vascular surgical competence.
Vascular surgical graduates must also know how to use
the knowledge they have accumulated. Residents need to
demonstrate that they can acquire information from a
variety of sources, analyze and interpret this data, and
Table V. Procedures and level of training for which Orego
measured
Resident
year Open Endovascular
V
int
GS PGY 1 Foot debridement;
toe amputation
GS PGY2 US CVC, TMA,
AKA, BKA,
Cimino AVF,
fasciotomy
GS PGY 4 BCF, BVT, FA
exposure
GS PGY 5 AKP, BKP, AxA,
BA exposure,
AKP bypass,
BKP bypass
VSF 1 All above EVAR Physiol
bypas
veno
viscer
VSF 2 All above, CEA,
elective AAA,
visceral bypass,
tibial bypass
All above; TEVAR,
CAS
All abo
AAA, Abdominal aortic aneurysm; AKA, above-knee amputation; AKP, a
brachial artery; BCF, brachiocephalic arteriovenous fistula; BKA, below-kne
CA, carotid artery; CAS, carotid artery stent; CEA, carotid endarterectomy
EVAR, endovascular aneurysm repair; FA, femoral artery;GS, general surgery
subclavian artery; TA, thoracic aorta; TCD, transcranial Doppler; TEVAR,
tarsal amputation; US CVC, ultrasound-guided central venous catheter; VAapply this knowledge to formulate a rational diagnostic sr treatment plan. Currently, this form of assessment is
erformed through the oral board examination or certi-
ying examination (CE). Despite the recent advances in
esting procedures, including improved imaging at CE
enters, these examinations cannot document how a
andidate would behave or perform when actually faced
ith a patient or an unanticipated situation in the oper-
ting room.
Candidates for board certification must demonstrate
ot only that they know and know how to manage a clinical
roblem or surgical procedure but must also show how they
an safely and appropriately manage complex clinical prob-
ems or operative procedures. The evaluation of this perfor-
ance objective represents a challenge now being ad-
ressed by the ACGME. Although many surgical educators
laim that they can make such judgments about resident
erformance through clinical encounters, these claims re-
rettably ignore a growing body of evidence suggesting
hat these judgments are biased by a halo effect and are
ased on limited direct observation and limited sampling of
linical problems.23 There is thus a move to shift this level
f assessment into simulated environments using simulated
atient encounters or simulated operations.24
Despite these efforts, the question still remains whether
erformance in a simulated setting or artificial examination
ealth and Science University resident performance is
r lab
tation Imaging Simulation
Radiation safety US CVC
E-S Va E-E Va (matched
and mismatched)
AAA, CEA, fresh cadaver
lab: exposures to FA,
BA, AKP, BKP, CA,
AxA, SCA, VA, and
RA
l PAD,
veillance,
rotid and
dies
All above; fluoroscopy
imaging principles
Fresh cadaver laboratory:
exposures to TA, CA,
AxA, SCA, VA, RA,
Tib
D studies Fresh cadaver laboratory:
exposures to TA, CA,
AxA, SCA, VA, RA,
Tib
knee popliteal artery; AVF, arteriovenous fistula; AxA, axillary artery; BA,
utation; BKP, below-knee popliteal artery; BVT, basilic vein transposition;
Va, end-end vascular anastomosis; E-S Va, end-side vascular anastomosis;
, peripheral arterial disease; PGY, postgraduate year;RA, renal artery; SCA,
ic aortic endovascular aneurysm repair; Tib, tibial artery; TMA, transmeta-
ral artery; VSF, vascular surgery fellow.n H
ascula
erpre
ogica
s sur
us, ca
al stu
ve; TC
bove-
e amp
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; PADetting can be used to accurately predict what a graduate
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This action component of professional behavior is clearly
the most difficult form of assessment because it tries to
capture the independent action of an individual within the
context of complex everyday situations. This highest level
of assessment can be performed using work-based assess-
ments (WBAs), Focused Professional Practice Evaluations
(FPPEs) and Ongoing Professional Practice Evaluations
(OPPEs); these assessments collect information about doc-
tors’ performance in their normal practice setting.23,24
Examples of WBAs include procedure-based assessments
(PBAs) currently being used in the UK to provide specific
procedural benchmarks for each training level for surgical
trainees.25 FPPEs and OPPEs apply to practicing physicians
(new physicians applying for medical staff privileges and
practitioners already granted patient care privileges, respec-
tively). Proctoring, involving one-on-one evaluation of a
practitioner’s performance is an essential component of the
FPPE, whereas OPPEs require multiple sources, including
direct observation, patient outcomes, and comparative per-
formance measurements with large databases or regis-
tries.24
HOW WILL COMPETENCY-BASED TRAINING
CHANGE EDUCATION FOR VASCULAR
SURGEONS IN TRAINING?
Current vascular surgery training programs are based
on a system whereby the training experience is defined by
operative case numbers and exposure to content over a
certain period of time. Residents progress to the next stage
of training regardless of their knowledge and skill level.
With the ACGME-mandated move toward a competency-
based education system, vascular surgical programs will
need to adopt a system for competency-based assess-
ments.10 This move to a competency-based education sys-
tem will also require changes in our current educational
programs and will redefine vascular surgical training out-
comes. Training outcomes will need to be objectively mea-
sured throughout trainees’ residencies using validated and
objective standardized assessment modalities.
The ABS-Vascular Surgery Board and Association of
Program Directors in Vascular Surgery are working to
develop specific benchmarks of skills and knowledge that
vascular surgery trainees must achieve at certain stages in
their residencies. These benchmarks or “milestones” of
skills and knowledge will be used to document a resident’s
steadily increasing mastery of the six competencies. More
important, these milestones will be used to ensure that
“each program can certify, and the ACGME can certify,
collectively, to the public that the residents meet these
competencies.”10
Competency-based assessment offers several advan-
tages. This system improves public accountability, and the
standards are transparent. The assessment process, when
used for formative feedback, identifies deficiencies and gaps
in training that often arise due to variable or reduced
clinical exposure as a result of work hour restrictions. It also
promotes accountability of training programs and trainers
1nd compels program directors to maximize the use of
raining opportunities, as trainee and trainer know what
hey need to learn. There are, however, potential disadvan-
ages, too. There are practical difficulties with the imple-
entation of the assessments, and these objective assess-
ents can be time-consuming, labor-intensive, and
xpensive. Introduction of these “milestones” will likely be
et with resistance. It will be incumbent upon program
irectors to promote and implement these “milestones”
nto our training culture.
ONCLUSIONS
Vascular training, much like vascular practice, is con-
inually evolving in response to, and as a result of the needs
f society and surgical innovation. Surgical educators
hould use training and assessment methods soundly based
n educational principles to develop and deliver curricula
hat will allow trainees to acquire the skills befitting the
odern vascular surgeon. Engagement in deliberate prac-
ice, with educators respecting trainees as adult learners,
ho in turn take responsibility for their own learning, is
aramount to reaching an autonomous stage of practice
here the surgeon has acquired the mastery of skill neces-
ary to be an expert vascular surgeon.
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